





















































Abstract:	 It	 has	been	widely	acknowledged	 that	 collaboration	across	disciplines	 is	 required	 in	order	 to	
develop	 innovative,	 sustainable	 textile	 solutions	 that	 address	 complex	 societal	 problems	 (Kane	 &	
Philpott,	 2013;	 Igoe,	 2010).	 Potential	 to	 develop	 life-changing	 innovations	 in	 the	 field	 of	 advanced	
textiles	 for	 medical	 and	 healthcare	 has	 been	 identified	 as	 a	 key	 growth	 sector	 within	 Scotland,	 with	
collaborative	cross-disciplinary	user-focused	design	approaches	recognised	as	central	to	developing	new	
concepts	 that	 address	 human	needs	 (Malins	 et	 al.	 2012).	 This	 paper	 describes	 three	 feasibility	 studies	
undertaken	by	the	Textiles	programme	at	the	University	of	Dundee	between	2012	–	2014;	collaborative	
design-led	 research	 projects	 that	 supported	 local	medical	 and	 healthcare	 companies	 by	 providing	 key	
expertise	 in	 textile	 design,	 functional	 clothing	 design	 methodologies	 and	 user-centred	 processes	 for	
design-led	 innovation.	Analysis	and	discussion	focuses	on	understanding	the	challenges	and	benefits	of	








It	 has	 been	 widely	 acknowledged	 that	 collaboration	 across	 disciplines	 is	 required	 in	 order	 to	 develop	
innovative,	sustainable	textile	solutions	that	address	complex	societal	problems,	particularly	in	the	areas	of	
health	and	wellbeing	(see	for	example	Kane	&	Philpott,	2013;	Igoe,	2010;	Earley	et	al,	2010).	The	Scottish	
textiles	 industry	 is	 the	seventh	 largest	contributor	 to	 the	national	economy	with	a	value	of	£956	million	
(Wilson,	2015),	and	technical	textiles	(which	include	textiles	for	health	and	wellbeing)	is	the	most	rapidly	
growing	 sector	 within	 this,	 accounting	 for	 40	 percent	 of	 turnover	 despite	 only	 10	 percent	 of	 the	 total	
manufacturing	capacity	(Malins	et	al,	2012).	Potential	to	develop	life-changing	innovations	in	the	field	of	
advanced	 textiles	 for	medical	 and	 healthcare	within	 Scotland	 has	 thus	 been	 identified	 as	 a	 key	 growth	
sector,	 with	 collaborative	 cross-disciplinary	 user-focused	 design	 approaches	 recognised	 as	 central	 to	
developing	new	concepts	that	address	human	needs	(ibid).		
	









Textiles	 at	 the	 School	 of	 Art	 and	 Design,	 University	 of	 Dundee	 is	 a	 value	 driven	 programme,	 with	
partnership,	 innovation	 and	 craft	 central	 to	 the	 work	 and	 research	 championed	 as	 a	 key	 route	 to	 its	
development.	Through	the	Innovation	Portal	platform,	it	is	cultivating	a	portfolio	of	commercially	relevant	
projects	specifically	within	textiles	for	medical	and	technical	applications,	building	its	wealth	of	experience	
in	working	with	 small-to-medium	sized	enterprises	 (SMEs)	 in	 the	area	of	 innovative	 textiles.	 Its	purpose	




















for	 medical	 and	 healthcare	 is	 an	 area	 that	 has	 been	 identified	 as	 having	 potential	 to	 offer	 substantial	





as	 biochemical	 sources	 or	 movement	 (Kettley,	 2016;	 Black,	 2007).	 Technological	 advances	 in	 this	 area	
explored	within	the	following	case	studies	include	conductive	fibres	that	create	biochemical	textile	sensors	
(Langenhove	et	al,	2007),	responsive	shape	memory	polymers	that	change	in	shape	and	size	(Pause,	2007),	






phases,	 but	 it	 has	 been	 recognised	 that	 commercial	 drivers	 will	 enable	 its	 development	 towards	 cost	
effective	 solutions	 appropriate	 for	medical	 and	 healthcare	 applications,	 often	 disposable	 or	 short-term	
(Malins	et	al,	2012;	Black,	2007).	
	
Innovation	can	also	 lie	 in	the	novel	application	of	existing	technology	 in	textile	products	for	medical	and	
healthcare	(Black,	2007).	Scotland	is	at	the	forefront	of	the	rapidly	developing	‘technical	textiles’	market,	
offering	 an	 unrivalled	 range	 of	 textiles	 with	 specific	 performance	 or	 functional	 qualities	 (Malins	 et	 al,	
2012).	 Moisture	 absorption	 and	 wicking,	 breathability,	 anti-bacterial	 and	 odour	 absorption	 properties	
embedded	within	textiles,	as	well	as	conceptual	ideas	leading	from	the	smart	textiles	developments,	have	





the	most	 positive	 implications	 in	 terms	 of	 sustainability	 and	 are	 also	 commercially	 and	 technologically	
feasible.	Knowledge	and	understanding	of	the	whole	lifecycle	of	materials	from	both	a	scientific	and	design	
perspective	 is	 essential	 to	 assess	 and	 select	 the	 most	 appropriate	 choice	 in	 relation	 to	 the	 intended	
product	use,	to	ensure	that	negative	effects	are	avoided	and	positive	features	included	(Kane	and	Philpott,	
2013).	 These	 considerations	 are	 particularly	 pertinent	 when	 aiming	 for	 ‘positive’	 features	 in	 terms	 of	
functionality	 and	must	be	weighed	up	 in	 relation	 to	 the	 social	 implications	of	 the	product	 (ibid).	 This	 is	





for	 their	 value	 in	 health	 and	 wellbeing,	 as	 elements	 of	 these	 are	 equally	 important	 as	 functional	
requirements	but	are	often	 secondary	 in	 this	 context.	O’Connor	 (2010),	 for	example,	discusses	how	 the	
cultural	 value	of	 textiles	 can	have	 their	 own	 ‘smart’	 properties	without	being	 advanced	 technologically,	
due	 to	 ‘their	 ability	 to	 absorb	 and	 convey	 cultural	 value	 and	 social	 meaning’	 through	more	 traditional	
aspects	such	as	colour,	pattern,	symbols,	and	association	with	the	familiar.	Different	types	of	materials	can	
embody	active	and	symbolic	qualities,	 Lycra	 for	example	giving	 the	wearer	enhanced	 feelings	of	health,	














ensuring	 performance	 in	 terms	 of	 comfort,	 fit,	 desirability	 and	 social	 perception.	 It	 is	 in	 these	 tacit	
associations	and	symbolic	qualities	that	textiles	play	an	important	role	by	adding	aesthetic	and/or	haptic	
design	 value	 to	medical	 and	healthcare	products	 in	 addition	 to	 functional	 properties,	 helping	 to	 ensure	
user	acceptance	of	products	and	devices	(Black,	2007:12).		
	
Within	 each	 case	 study	 described	 in	 this	 paper	 the	 tacit	 knowledge	 of	 each	 stakeholder	 is	 essential	 to	
ensure	 that	 the	 final	 product	 is	 fit	 for	 purpose.	 Clark	 Moustakas	 (1990)	 identifies	 two	 types	 of	 tacit	
knowing	as	‘subsidiary’	and	‘focal’.		Subsidiary	is	‘visible’	or	‘describable’	and	focal	relates	to	the	invisible	
aspects	 of	 an	 experience,	 which	 together	make	 a	 ‘whole’	 experience.	 In	 his	 book,	 ‘Heuristic	 Research:	
Design,	methodology,	and	applications’,	Moustakas	cites	Michael	Polanyi’s	 four	types	of	tacit	knowledge	
which,	Moustakas	 explains,	 contain	 subsidiary	 and	 focal	 knowing.	 The	 first	 type	 is	 skill,	 which	 requires	
physical	 or	 bodily	 experience,	 sensory	 experience,	 confidence	 and	 optimism.	 Second	 is	 ‘physiognomy’	
which	 he	 describes	 through	 analogy	 as	 the	 ability	 to	 read/sense	 a	 person’s	mood	 through	 their	 bodily	






























































Glitterbeach,	 an	 award-winning	 social	 enterprise	 designing,	 making	 and	 supplying	 swimwear	 and	
accessories	for	stoma	patients,	proposed	a	TFS	to	explore	potential	textile	innovations	that	could	increase	










It	 is	 estimated	 that	over	13,500	people	undergo	 stoma	surgery	each	year	 in	 the	UK;	 the	most	 common	
underlying	conditions	resulting	in	stoma	formation	are	colorectal	cancer,	bladder	cancer,	ulcerative	colitis	
and	Crohn’s	disease	(Clinimed,	2017).	With	increased	numbers	of	ostomy	bag	users	worldwide	and	greater	
life	 expectancy,	 design	 innovation	 within	 this	 product	 area	 offers	 substantial	 economic	 benefits	 to	 the	
Scottish	Economy	as	well	as	providing	enhanced	quality,	dignity	and	wellbeing	of	those	living	with	chronic	
disease.	 The	 study	 therefore	 aimed	 to	 understand	 and	 address	 ostomy	 bag	 issues	 from	 the	 user’s	
perspective	 in	 order	 to	 develop	 and	 prototype	 design-led	 solutions.	 The	 project	 team	 consisted	 of	 Dr	
Frances	 Stevenson,	 Academic	 Head	 of	 Design	 and	 Craft	 at	 University	 of	 Dundee;	 Angharad	McLaren,	 a	






The	 research	 used	 both	 primary	 and	 secondary	 methods:	 evaluating	 potential	 design	 interventions,	
including	 a	 review	 of	 existing	 ostomy	 product	 innovations,	 performance	 materials,	 and	 smart	 textile	
technologies;	 interactive	 design-led	 workshops	 with	 a	 range	 of	 ostomy	 bag	 users;	 semi-structured	





















problems	for	users,	 including	decreased	fitness	 levels,	 low	self-esteem,	depression,	 lack	of	confidence	 in	
social	 and	 public	 situations,	 break	 down	 of	 personal	 relationships,	 and	 lifestyle	 restrictions.	 The	




















































had	 identified	 the	 lack	 of	 suitable	 protection	 for	 patients	 with	 leg	 injuries,	 particularly	 those	 with	
incontinence,	 to	 prevent	 wounds	 or	 dressings	 from	 contamination	 when	 changing	 soiled	 clothing.	 This	
increases	risk	of	 infection	to	both	patients	and	carers,	and	in	the	case	of	contamination	an	NHS	nurse	 is	
required	to	change	them	professionally	(McLaren	et	al,	2014).	The	MTC	Medical	Protectors	were	conceived	
as	 a	 result,	 to	 provide	 protection,	 reduce	 the	 pressure	 on	 NHS	 resources,	 enhance	 patient	 and	 carer	




to	 source	 the	most	 environmentally	 friendly	materials.	 Two	of	 the	 products	 in	 the	 range	 needed	 to	 be	
soluble,	as	the	bag	and	contents	would	be	washed	in	domestic	washing	machines.	All	the	other	products	in	
the	 range	 would	 be	 disposed	 in	 domestic	 waste	 streams,	 so	 the	 client	 specified	 that	 a	 biodegradable	
plastic	was	preferred.		
	
As	 the	products	are	 intended	primarily	 for	use	 in	domestic	 care	 settings	by	non-professionals	 caring	 for	
injured	or	unwell	adults,	children,	or	babies,	it	was	also	imperative	that	the	product	was	user-friendly.	The	
company	 had	 already	 selected	 a	 manufacturer,	 established	 technical	 and	 commercial	 feasibility	 of	 the	














interviews;	 and/	 or	 personal	 diaries.	 This	 aimed	 to	 understand	 the	 product’s	 usability,	 specifically:	 how	
clear	 they	 found	the	 instructions;	how	safe	and	secure	 they	 felt	 the	product	was;	how	well	 the	product	





















































the	 University	 of	 Dundee.	 John	 was	 assisted	 by	 the	 School	 of	 Art	 and	 Design’s	 Textile	 Department	 to	
develop	 a	 working	 prototype	 that	 could	 lead	 to	 commercialisation	 opportunities.	 Dr	 Louise	 Valentine,	
Head	 of	 Entrepreneurship,	 Enterprise	 and	 Employability	 at	 University	 of	 Dundee	 with	 a	 background	 in	
industrial	 design,	 and	 Claire	 Adholla,	 textile	 designer	 and	 lecturer,	 developed	 and	 tested	 the	 product	
concept	from	a	design	perspective	by	creating	and	testing	3D	working	prototypes.		
	

































































































In	 each	 case	 study,	 the	 product	 outcomes	 of	 each	 provide	 clear	 benefits	 to	 society	 by	 providing	
enhanced	 comfort,	 dignity	 and	 wellbeing	 of	 patients	 and	 carers.	 The	 collaboration	 through	 the	
Innovation	 Portal	 TFS	 platform	 allowed	 companies	 to	 explore	 early	 stage	 research	 and	 development	




Development	 of	 the	 Asymmetrical	 Bra	 faced	 difficulties	 surrounding	 the	 high	 cost	 of	 ordering	 small	
quantities	of	high	performance	smart	material	for	R&D	rather	than	high-level	mass	production,	and	the	
production	of	bespoke	handmade	bras.	The	collaboration	allowed	access	to	finance	and	craft-led	design	
expertise	 to	 overcome	 these	 and	 rapidly	 develop	 initial	 ideas	 to	 a	working	 prototype	 stage.	All	 three	
case	 studies	 utilised	 tacit	 embodied	 knowledge	 of	 textile	 design	 practitioners	 to	 make	 and	 develop	
prototypes,	 and	 problem-solving	 skills	 to	 overcome	 challenges	 of	 using	 a	 wide	 range	 of	 technical	
materials.		
	
In	 the	Glitterbeach	 study,	 a	 significant	 challenge	was	 discovered	 in	 achieving	 industrial	 production	 of	
new	ostomy	products	due	 to	extensive	clinical	 trials	 required	 for	medical	product	approval.	However,	
establishment	of	a	working	relationship	with	an	ostomy	bag	manufacturer	was	developed,	who	agreed	
to	work	with	the	company	to	develop	the	product	further	through	industrial	prototyping	and	initial	 in-
house	patient	 trials,	with	 the	possibility	of	 full	 clinical	 trials	and	a	manufacturing	 licence	agreement	 if	












communication	 between	 parties,	 showing	 the	 manufacturer	 the	 results	 of	 a	 value	 driven	 design-led	










Complex	 sustainability	 decisions	 were	 required	 in	 the	 MTC	 study	 to	 select	 the	 most	 appropriate	
commercially	and	technologically	 feasible	materials	 for	single-use,	disposable	and/or	soluble	products.	




the	 product	 –	 improved	wellbeing	 of	 patients	 and	 carers	 –	 and	 the	 reduced	 consumption	 of	 further	
materials	 required	 for	 replacement	 of	 contaminated	 dressings	 were	 also	 considered	 in	 assessing	 the	
feasibility	of	the	product	from	a	sustainability	perspective.		
	
Textile	 design	 expertise	 and	 knowledge	 of	 smart	 textile	 developments	was	 key	 to	 the	 success	 of	 TFS	 1	
(Glitterbeach)	 and	 3	 (Asymmetrical	 Bra).	 The	 ostomy	 bag	 accessory	was	 designed	 using	 a	 spacer	 fabric	
lined	with	Coolmax™	 lined	–	a	wicking	 fibre,	more	commonly	used	 in	sportswear,	which	actively	directs	
perspiration	 away	 from	 the	 skin	 to	 allow	 evaporation	 and	 breathability	 –	 for	 enhanced	 comfort	 and	
wellbeing	 due	 to	 temperature	 and	moisture	 regulation.	 These	materials	were	 valued	 by	 users	 for	 both	
performance	 and	 their	 sporty	 associations,	 and	were	 chosen	 as	 they	were	 available	 in	 a	wide	 range	 of	
colour	 options	 to	 disassociate	 products	 from	 the	 distinctly	 negative	 associations	 of	 traditional	 ‘nude’	
coloured	medical	products.	Comfort,	 functionality,	and	performance	of	textiles	and	product	design	were	
also	key	to	the	Asymmetrical	Bra	project,	with	users	reporting	the	importance	of	a	smooth,	flexible	fit,	and	
sophistication/	 elegance	 of	 design	 as	 well	 as	 the	 need	 to	 offer	 effective	 wound	 management.	 This	




new	 dialogues	 around	 future	 innovation	 potential	 that	 could	 support	 the	 development	 of	 new	
technologies	across	disciplines.	Design	visualisation	techniques	enabled	this	to	be	explored	in	workshops	
with	users,	encouraging	them	transcend	what	they	perceived	to	be	technologically	possible	and	 imagine	









place	 in	 different	 environments,	which	 are	 designed	 to	 facilitate	 creative	work	 and	 understanding	 of	















of	 co-operative	 activity	 (Sennett,	 2012)	 and	 advocates	 that	 at	 their	 core	 workshops	 are	 centres	 of	




nature	 of	 the	 subject,	 so	 presenting	 and	 testing	 on-going	 iterations	 of	 prototyping	 allowed	 all	 to	
understand	and	contribute	to	the	design	development	process.		
	
In	 an	 educational	 context,	 these	 case	 studies	 offer	 the	 opportunity	 to	 share	 the	 experience	 of	 new	
interdisciplinary	 knowledge	 and	 dialogues	 with	 students	 through	 practical	 examples	 of	 how	 textile	
design	 thinking	 and	 practice	 can	 be	 applied	 in	 wider	 societal	 contexts.	 They	 demonstrate	 the	
importance	of	key	competencies	–	cross-disciplinary	working	and	understanding,	collaborative	decision	
making,	 empathy	 and	 sensitivity	 –	 alongside	 in	 depth	 practical	 textile	 design	 knowledge,	 skills	 and	
understanding	 required	 for	working	 in	 increasingly	 complex	 design	 contexts	 due	 to	 increasing	 health	
problems,	 population	 size,	 and	 life	 expectancy	 (Malins	 et	 al,	 2012),	 alongside	 an	 increasing	 global	
sustainability	agenda	(UN,	2017).	They	contribute	to	knowledge	and	understanding	of	design	as	a	means	






collaboration	between	SMEs,	academia,	 industry,	users,	patients,	and	medical/	 care	professionals	 in	 the	
development	of	textile	products	for	medical	and	healthcare.	Each	of	the	original	concepts	had	potential	to	
provide	 clear	 benefits	 to	 society	 by	 providing	 enhanced	 comfort,	 dignity	 and	wellbeing	 of	 patients	 and	
carers.	The	expertise	provided	by	the	University	research	teams	was	essential	to	successfully	prepare	the	
product	prototypes	for	market,	as	the	companies	required	expertise	in	textile	design,	in	the	approach	and	
methodology	 of	 functional	 clothing	 and	 product	 design,	 and	 user	 centred	 design	 processes	 to	 develop	
prototypes	and	industrial	partnership.		
	





stakeholders	 to	 support	 creative	 exchange	 (Bowens	 et	 al,	 2016).	 It	 could	 also	 be	 concluded	 that	 the	
interface	 between	 academia,	 design	 and	 health	 focussed	 SMEs	 provided	 space	 to	 develop	 new	



































Into	 Textiles	 Through	 Sustainable	 Design	 Strategies,	 Pedagogy	 and	 Collaboration.	 In:	 Future	 Textile	
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1	 The	 Innovation	 Portal,	 funded	 by	 the	 Scottish	 Government,	 aims	 to	 promote	 and	 foster	 productive	





















































                                                            
 
 
